Key PointsCanagliflozin can reduce HbA1c, fasting, and postmeal glucose.Canagliflozin can reduce body weight, blood pressure, and triglycerides.Canagliflozin was generally well tolerated in patients with T2DM.

1. Introduction
===============

Diabetes mellitus is a major global health problem, with an estimated prevalence of 8.3% (387 million) in 2014, which is expected to rise to 592 million by 2035; 46.3% (179 million) people with diabetes are undiagnosed. In 2014, diabetes led to at least 612 billion USD in health expenditure and 4.9 million deaths. Worldwide, a person dies from diabetes every 7 seconds.^\[[@R1],[@R2]\]^ In adults, type 2 diabetes (T2D), which is a major cause of heart disease, stroke, and kidney failure, accounts for approximately 90% to 95% of all diagnosed cases of diabetes.^\[[@R3]\]^

People with T2D can often initially manage their disease condition through exercise and diet. When lifestyle intervention is inadequate, metformin is recommended. Insulin or other oral antihyperglycemic drugs, such as sulfonylureas and thiazolidinediones, can be considered as combination drugs.^\[[@R4]\]^ However, side effects like hypoglycemia, weight gain,^\[[@R5]\]^ fluid retention, and bone loss^\[[@R6]--[@R8]\]^ make it difficult to give full play to their long-term effects in maintaining glucose control. There might be unavoidable publication bias as their efficacies for preventing the clinical complications of T2D (macro- and microvascular complications) are not demonstrated with a high level of evidence. In this circumstance, many new drugs have been developed to break new ground in improving hypoglycemic effects and reducing side effects. Sodium-glucose cotransporter 2 (SGLT2) inhibitors offer an antidiabetic effect by increasing the urinary glucose excretion and subsequently lowering the plasma glucose without inducing excessive insulin secretion.^\[[@R9]\]^ Both animal studies and clinical trials have revealed the efficacy and safety of SGLT2 inhibition for T2D.^\[[@R10]--[@R14]\]^ Canagliflozin is a new SGLT2 inhibitor. Its adverse events (AEs) are increased urinary and genital infections as well as salt and volume depletion.^\[[@R12],[@R15],[@R16]\]^ This agent has been approved as an adjunct to diet and exercise for the treatment of adults with type 2 diabetes (T2D) mellitus in more than 30 countries, including the United States and the European Union.

Three previous meta-analyses have reviewed the efficacy and safety of canagliflozin. However, 2 of them included both phase II and phase III clinical trials with different treatment durations.^\[[@R17],[@R18]\]^ Among their pooled articles, the treatment durations were vastly different (12, 24, 26, and 52 weeks). Yang et al^\[[@R17]\]^ evaluated the efficacy and safety of canagliflozin 300 mg versus those of the control groups. Another pooled analysis of phase III studies only included 4 randomized controlled trials (RCTs).^\[[@R19]\]^ Clinical trials with different designs, conditions, dosages, and follow-up time might provide different results and make it intricate in guiding clinical medication. We carried out a meta-analysis of phase III clinical trials to offer an additional evidence of the efficacy and safety of canagliflozin for evidence-based clinical practice, strictly restricting the treatment durations to 26 weeks (core period) and 52 weeks (extension period). Placebo-subtracted efficacy and safety as well as the differences between the different treatment groups were also evaluated.

2. Methods
==========

2.1. Ethical consideration
--------------------------

The current study was reviewed and approved by the ethical committee of the Central Hospital of Wuhan.

2.2. Literature search
----------------------

We performed this review according to a protocol predefining the selection criteria, all efficacy and safety outcomes, and main analyses. We have presented the methods and results of our meta-analysis according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses recommendations.^\[[@R20]\]^

A comprehensive, computerized literature search was performed in the PubMed, Embase, and the Cochrane Library database (before April 2016) for studies reporting the efficacy and safety of canagliflozin in patients with T2DM. The search was conducted using the terms "canagliflozin" or "INVOKANA" or "TA-7284" or "JNJ-28431754." Only RCTs published in English were considered. To identify completed but unpublished trials, we also searched the websites of relevant pharmaceutical companies and public registers of clinical trials ([www.clinicaltrials.gov/](http://www.clinicaltrials.gov/)).

2.3. Selection criteria
-----------------------

The studies were eligible for inclusion in the meta-analysis if they met the following criteria:(1)The participants were nonpregnant adults (aged over 18 years) with T2D. The patients in the study had a glycosylated hemoglobin (HbA1c) between 7% and 10.5% and a fasting plasma glucose (FPG) \< 270 mg/dL (15 mmol/L) from baseline. The mean duration of T2DM was more than 1 year.(2)The treatment intervention was canagliflozin, and the duration of the intervention was at least 26 weeks.(3)The study design was randomized, double-blind, placebo-controlled, or active-controlled, parallel-group study.(4)The primary efficacy endpoint was the change in percentage of HbA1c from the baseline. For multiple publications in the same RCT, only the article with the most comprehensive data was included.

Articles were excluded if they were letters, editorials, conference abstracts, reviews, and commentaries.

2.4. Quality assessment of the trials
-------------------------------------

The quality of RCTs was assessed with the Cochrane risk of bias tool, which is the recommended approach for assessing the risk of bias in studies included in Cochrane reviews. This tool assesses the risk of bias in 2 parts, addressing the following specific domains: sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective outcome reporting, and other issues.^\[[@R21]\]^

2.5. Data extraction
--------------------

A data extraction form was predesigned to extract the following information from each study: first author\'s surname, year of publication, study name, national clinical trial number, study design, patients' profile, control groups, dose of canagliflozin, background therapy, rescue therapy, total number enrolled, mean age at baseline, sex, mean HbA1c in baseline, study duration, completion time of primary outcomes, number analyzed in each group, percent change in HbA1c, changes in other glycemic efficacy endpoints, such as FPG and 2-hour postprandial glucose (2h-PPG), changes in body weight, blood pressure (BP) and lipids, change in homeostasis model assessment of β-cell function (HOMA-β), and AEs observed in each group. To get a more detailed data of AEs, we searched the websites of public registers of clinical trials. Two authors separately performed data extraction. The differences were discussed and resolved.

2.6. Data synthesis and statistical analysis
--------------------------------------------

To synthesize the efficacy outcomes, Review Manager 5 (The Cochrane Collaboration, Oxford, UK) was used to calculate the estimates and 95% confidence intervals (CIs) of the weighted mean differences (WMDs) between the intervention group (canagliflozin 100 or 300 mg daily) and the control group for quantitative variables and relative risks (RRs) for categorical variables, using either fixed or random effects models with an inverse variance method. If a study did not report a standard deviation, it was calculated from the sample size and the standard error or the 95% CI. In this section, we focused on the efficacy changes from the baseline to week 26 (core period).

Some studies designed a 26-week, active-controlled extension period in which the placebo-treated patients were switched to sitagliptin 100 mg; hence, there were insufficient number of articles to explore the 52-week efficacy discrepancies between the intervention and control groups. Considering the different canagliflozin doses, we turned our attention to the comparison between the 2 intervention groups. The same software and method were used as previously mentioned to pool the WMDs and RRs between the 300- and 100-mg groups from baseline to week 26 and from baseline to week 52, respectively.

*P* values less than 0.05 were considered statistically significant for the pooled results. Heterogeneity among the trials was assessed using the χ^2^ test defined as a *P* value less than 0.10 and was further quantified through the *I*^2^ statistics. The presence of heterogeneity was defined using *I*^2^ values over 40%, making it suitable for random effects models. Publication bias was assessed using Egger linear regression test and Begg rank correlation test, conducted using STATA version 12.0 (StataCorp LP, College Station, TX). *P* values more than 0.05 were considered as no evidence of publication bias.

The number of AEs was extracted from different articles and combined together. RRs were used to compare the differences between the groups.

To explore the sources of heterogeneity among the studies and test the robustness of the changes, we conducted several sensitivity analyses by excluding a trial carried out on patients having T2DM with reduced kidney function. Based on this consideration, we suggested that patients with reduced kidney function might have different reactions to the drug. For the primary efficacy endpoint HbA1c, we also conducted random-effects meta-regression to explore the possible causes of heterogeneity. Canagliflozin doses, percentage of males, mean age, HbA1c at baseline, and duration of diabetes mellitus were assessed as possible cofactors for the potential changes. WMDs were dependent variables of meta-regression. Thus, we could assess whether changes seen in HbA1c were associated with these covariables.

In addition, we conducted a Bayesian meta-analysis, which has become prominent in the recent years. The Bayesian analysis itself combines the prior distribution with the data, turning it into a posterior probability distribution. A 95% Bayesian credible interval is a summary of the posterior distribution, such that the probability that the true quantity is within the interval is equal to 95%.^\[[@R22]\]^ We used WinBUGS (Medical Research Council\'s Biostatistics Unit, Cambridge, UK) for the Bayesian meta-analysis.

3. Results
==========

3.1. Literature search and characteristics of the included studies
------------------------------------------------------------------

The search strategy initially identified 57 articles. After selection, 7 randomized, double-blind, placebo-controlled or active-controlled, parallel-group trials met the selection criteria, with a total enrollment of 5215 patients with T2DM. In Fig. [1](#F1){ref-type="fig"}, the selection steps and results have been outlined. The characteristics of the 7 included studies are shown in Supplementary table 1. The risk of summary and risk of graph are shown in Supplementary figures 1 and 2, respectively. All articles had good quality.

![Selection of studies that examined the efficacy and safety of canagliflozin in patients with type 2 diabetes mellitus.](md-95-e5473-g001){#F1}

3.2. Efficacy
-------------

The efficacy of canagliflozin was stated based on the following aspects: glycemic efficacy endpoints (changes in HbA1c, percentage of patients with HbA1c \< 7%, change in FPG, change in 2h-PPG; body weight, BP, and lipids (percent change in body weight, change in systolic BP (SBP) and diastolic BP (DBP), percent change in triglycerides, high-density lipoprotein--cholesterol (HDL-C), low-density lipoprotein--cholesterol (LDL-C), non-HDL-C, and LDL-C/HDL-C ratio; and β-cell function (change in HOMA-β).

3.3. Glycemic efficacy endpoints
--------------------------------

When comparing intervention groups to the placebo group, the placebo-subtracted WMDs (%) of HbA1c for canagliflozin 100 and 300 mg were −0.63 (95% CI: −0.77, −0.49) and −0.80 (95% CI: −0.98, −0.62), respectively, from the baseline to week 26 (Table [1](#T1){ref-type="table"}), *P* \< 0.001 for both. The pooled RRs of the percentage of patients with HbA1c \< 7% for canagliflozin 100 and 300 mg were 1.75 (95% CI: 1.54, 1.99) and 2.28 (95% CI: 1.91, 2.72), respectively. FPG and 2h-PPG were both significantly reduced from the baseline.

###### 

Summary of pooled results of efficacy changes from baseline to week 26.

![](md-95-e5473-g002)

Compared to the 100 mg dosage group, 300 mg dosage group had a WMD of −0.17 (95% CI: −0.23,−0.10; *P* \< 0.001) change in HbA1c from baseline to week 26 and 0.08 (95% CI: −0.24, 0.41; *P* = 0.612) to week 52 (Table [2](#T2){ref-type="table"}). The pooled RRs of the percentage of patients with HbA1c \< 7% were 1.70 (95% CI: 1.44, 2.01) and 1.50 (95% CI: 1.27, 1.78), respectively, *P* \< 0.001 for both. The changes in FPG from baseline was 0.43% lower in week 26, but 0.13% higher in week 52 for 300 mg dosage group versus 100 mg dosage group, *P* \< 0.001 for the former and *P* *=* 0.800 for the latter.

###### 

Summary of pooled results of efficacy changes comparing CANA 300 mg with CANA 100 mg.

![](md-95-e5473-g003)

3.4. Body weight, BP, and lipids
--------------------------------

At week 26, canagliflozin 100 and 300 mg significantly reduced the body weight from baseline compared with the placebo, with a WMD of −2.23 and −3.00 in percent changes (*P* \< 0.001 for both). With regard to the 300 mg dosage group versus 100 mg dosage group, the percent change from baseline was significant with a −0.77 mean difference (95% CI: −1.08, −0.47; *P* \< 0.001) in week 26. However, it turned out to be not statistically different for a −0.11 mean difference (95% CI: −1.00, 0.79; *P* = 0.818) in week 52.

WMDs of change from baseline in SBP were all significant for canagliflozin 100 mg versus placebo (WMD: −4.26 \[95% CI: −5.31, −3.21\] mm Hg; *P* \< 0.001), canagliflozin 300 mg versus placebo (WMD: −5.18 \[95% CI: −6.96, −3.39\] mm Hg; *P* \< 0.001). At the same time, for the same 2 comparisons, the changes in DBP were also significant, with detailed results shown in Table [1](#T1){ref-type="table"}. When comparing the 300-mg dosage group with the 100-mg dosage group, only the change in SBP from baseline to week 26 was significant, with a WMD of −1.06 mm Hg (95% CI: −2.06, −0.07; *P* = 0.037). However, there were no statistical differences in the remaining 3 comparisons in BP (Table [2](#T2){ref-type="table"}).

Reductions from baseline to week 26 in triglycerides were seen across the treatment groups relative to the placebo, with numerically greater and statistically significant decrease of percent change for canagliflozin 100 and 300 mg (WMD: --5.08 and --5.21, respectively; Table [1](#T1){ref-type="table"}). Canagliflozin 100 and 300 mg showed numerical increase from baseline to week 26 for percent changes in cholesterol (HDL-C, LDL-C, and non-HDL-C; Table [2](#T2){ref-type="table"}). Canagliflozin 100 and 300 mg showed slight increase in LDL-C/HDL-C ratio relative to the placebo at week 26, but these differences did not reach a statistical significance (Table [1](#T1){ref-type="table"}).

When comparing 2 intervention groups, the percent changes from baseline in lipid indices were not significant at week 26, except for LDL-C. The percent changes in LDL-C increased significantly (WMD: 3.23 \[95% CI: 0.51, 5.95\]; *P* = 0.020). After long-term drug administration (52 weeks), canagliflozin 300 mg were associated with WMDs of percent changes in HDL-C, LDL-C, and non-HDL-C versus 100 mg of 1.77 (95% CI: 0.27, 3.28), 3.46 (95% CI: 0.38, 6.53), and 3.16 (95% CI: 0.01, 6.31), respectively (Table [2](#T2){ref-type="table"}). Numerical but not statistically significant increase in triglyceride levels was also seen with canagliflozin 300 mg relative to 100 mg at week 52. No significant change in LDL-C/HDL-C ratio was observed for canagliflozin 300 and 100 mg.

3.5. β-cell function
--------------------

Numerical higher mean changes in HOMA-β were observed for canagliflozin 100 and 300 mg compared with placebo at week 26. The WMDs were 13.44 (95% CI: 9.81, 17.07; *P* \< 0.001) and 20.21 (95% CI: 16.59, 23.83; *P* \< 0.001). Owing to the limited number of articles offering change in HOMA-β from baseline to week 52, we did not get a pooled result.

3.6. Heterogeneity and publication bias
---------------------------------------

The detailed information, namely *Tau*^2^, *I*^2^, and *P* value, of heterogeneity is presented in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. An obvious evidence of ridiculous heterogeneity among the studies was not found for body weight, BP, and lipids. Substantial heterogeneity was significant for several glycemic efficacy endpoints. Meta-regression was carried out, which will be examined later in this article.

The evidence of publication bias for every meta-analysis assessing different efficacy outcomes is noted in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}, by using Begg rank correlation test and Egger linear regression test for each kind of comparison. Almost all the results indicated the absence of publication bias, with the exception of a few *P* values less than 0.05.

3.7. Safety and tolerability
----------------------------

Summary of the overall safety and selected AEs from baseline to week 26 and from baseline to week 52 is shown in Table [3](#T3){ref-type="table"}. The RRs of comparisons between different groups are shown in detail in Supplementary table 2.

###### 

Summary of overall safety and selected AEs from baseline to week 26 and from baseline to week 52.
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The overall incidence of AEs was similar over the 26-week treatment period, with 45.11%, 41.82%, and 40.95% for placebo, canagliflozin 100 and 300 mg, respectively. Regarding the comparisons between treatment groups and placebo groups, the differences were not significant with an RR of 0.93 (95% CI: 0.83, 1.04) for canagliflozin 100 mg and 0.91 (95% CI: 0.81, 1.01) for canagliflozin 300 mg relative to the placebo. The incidence of AEs leading to study discontinuation was generally comparable across the group over 26 weeks, with slightly higher incidences in the canagliflozin 100 mg group. The incidence of AEs related to the study drug was higher in groups treated with canagliflozin (1.41 \[95% CI: 1.12, 1.78\] for 100 mg and 1.63 \[95% CI: 1.30, 2.04\] for 300 mg) compared with that of the placebo. Serious AE rates were higher for the placebo group when compared to those for both doses of canagliflozin, although not significantly different. Several specific AEs occurred frequently than others, such as osmotic diuresis-related AEs, volume depletion AEs, urinary tract infections, and genital mycotic infection. Of the 4 selected AEs, the incidence of osmotic diuresis-related AEs and genital mycotic infections was numerically higher for canagliflozin (both 100 and 300 mg) compared with that for the placebo. The treatment groups both had over 4-fold higher incidence of osmotic diuresis-related AEs than that of the placebo group. Canagliflozin was associated with approximately 2-fold higher overall incidence of genital mycotic infections, both in men and women. The incidence of the remaining 2 selected AEs was slightly higher, but not significant in the canagliflozin groups relative to that of the placebo group.

The incidence was comparable between canagliflozin 300 and 100 mg for all AEs mentioned above, irrespective of the duration (over 26 or 52 weeks) from baseline.

3.8. Sensitivity analyses
-------------------------

After excluding a trial carried out on patients with T2DM having reduced kidney function, we conducted several sensitivity analyses on the glycemic efficacy endpoints from baseline to week 26. The results are shown in Supplementary table 3. The pooled estimate had little substantial change in glycemic efficacy endpoints from baseline to week 26.

3.9. Bayesian meta-analysis
---------------------------

The pooled results of changes in HbA1c from baseline to week 26 using the classical and Bayesian meta-analysis are detailed in Supplementary table 4. Considering the prior distribution, the mean differences of HbA1c were still statistically significant, with −0.64 (95% CI: −0.81, −0.46) for canagliflozin 100 mg versus placebo, −0.80 (95% CI: −1.03, −0.56) for canagliflozin versus placebo, and −0.17 (95% CI: −0.23, −0.10) for canagliflozin 300 mg versus canagliflozin 100 mg from baseline to week 26. Monte Carlo errors were negligibly small, and the Gibbs trace figure indicated well convergent iteration.

3.10. Meta-regression
---------------------

Various possible factors affected the hypoglycemic effect such as dose, proportion of male patients, age, baseline HbA1c, and duration of T2DM. These factors were taken into the random-effects meta-regression models as covariables. However, we still could not find out the source of heterogeneity on HbA1c. All models had an extremely poor fitting degree with low adjusted *R* square.

The random-effects meta-regression analysis showed no significant association between the baseline HbA1c and HbA1c reductions with canagliflozin (*P* *=* 0.811). Analyses were also performed to assess the association between the drug dose and HbA1c changes. No significant association was observed (*P* *=* 0.705). Similar negative results were obtained for the proportion of male patients, age, baseline HbA1c, and duration of T2DM. The results of several models are presented in Supplementary table 8.

4. Discussion
=============

The main findings of this meta-analysis indicated a better hypoglycemic effect for the 26-week treatment of T2DM than that of the placebo, as reflected by the proportion of patients who achieved HbA1c \< 7%, FPG, and 2h-PPG. A 24-week, placebo-controlled, phase III study of canagliflozin monotherapy in Japanese patients with T2DM, which was inadequately controlled with diet and exercise, was excluded owing to its different drug administration time and dosage. In this study, canagliflozin was also found to significantly improve glycemic control, in accordance with our pooled results.^\[[@R23]\]^ In addition, an active control group was set up in 2 of the included studies. In one of them, it was shown that canagliflozin provides greater HbA1c reduction than glimepiride does.^\[[@R16]\]^ In the other study, canagliflozin 100 mg showed noninferiority and canagliflozin 300 mg showed statistical superiority to sitagliptin 100 mg in HbA1c-lowering effect at week 52.^\[[@R24]\]^ Mechanism research showed that canagliflozin lowers PPG and insulin levels by delaying the intestinal glucose absorption in addition to increasing the urinary glucose excretion.^\[[@R25]\]^ Owing to the fact that a higher dose provides more sustained maximal decrease in renal threshold for glucose than a lower dose,^\[[@R26],[@R27]\]^ canagliflozin 300 mg showed higher decrease in HbA1c, FPG, and 2h-PPG levels, which resulted in more patients achieving HbA1c \< 7%, compared to that of canagliflozin 100 mg from baseline to week 26. At week 52, however, there were no significant differences observed in the hypoglycemic effect. One possible reason is the declining initial stimulus and growing drug tolerance. In a previous study, urinary tract infections were reported without dose dependency in 3% to 9% of canagliflozin and 6% of placebo.^\[[@R28]\]^ This showed that our findings were reasonable. Furthermore, the results from a review of the efficacy and safety of canagliflozin in elderly patients indicated that elderly patients with T2DM have lesser HbA1c reduction compared with that in younger patients,^\[[@R18]\]^ which needs further researches.

Similar with the hypoglycemic effect, canagliflozin also had a remarkable placebo-subtracted effect on reducing body weight and BP especially SBP. The reductions in the 300 mg group were a little higher than the 100 mg group at week 26, but undifferentiated at week 52. Notable reduction in triglyceride levels and increase in HDL-C and LDL-C levels were seen in patients treated with canagliflozin compared with those in the placebo. There were no obvious differences observed between different doses, irrespective of duration (week 26 or 52). Previous studies that assessed the changes in the body composition have suggested that approximately 2/3 of the body weight loss with canagliflozin was owing to the loss of fat mass.^\[[@R16],[@R29]\]^ In clinical studies conducted among obese patients, modest reductions in body weight have been associated with favorable improvements in cardiovascular risk factors, including lipids and BP.^\[[@R30],[@R31]\]^

In addition to this, at week 26, canagliflozin was found to be better than placebo for enhancing β-cell function, with great increase in HOMA-β. It is clear that β-cell dysfunction exists in individuals with T2DM.^\[[@R32],[@R33]\]^ SGLT2 transporters did not directly act on β-cells, so this improvement is unlikely a direct mechanism. Researches have suggested that the improvements in β-cell function might reflect the reversal of glucotoxicity.^\[[@R34]\]^ As urinary glucose excretion increases, blood glucose decreases, and the load of β-cell was alleviated, resulting in improvements in β-cell function.

The overall safety of canagliflozin was comparable to placebo at week 26. Canagliflozin treatment was associated with an increased risk of genital mycotic infections. One possible explanation for this is that the enhanced glucose content in diabetic urine enhances bacterial growth.^\[[@R35]\]^ Osmotic diuresis-related AEs including dry mouth, thirst, micturition urgency, pollakiuria, polyuria, and nocturia were observed significantly more in patients treated with canagliflozin. Several previous trials focused on urinary tract infections.^\[[@R3],[@R28],[@R36]\]^ However, a discrepant risk was not found between the treatment and placebo groups in our results. These AEs generally occurred during the first 26 weeks of the treatment. They were considered mild or moderate in intensity and infrequently related to discontinuation. Serious AEs were similar and very few serious cardiovascular events were observed both in the treatment and placebo groups. It might partly attribute to its reduction effect on body weight, BP, and triglycerides, which are known as risk factors for cardiovascular events. The safety and tolerability were almost the same on comparing the 2 doses, whether patients were treated for 26 or 52 weeks.

In conclusion, canagliflozin offered an antidiabetic effect and reduced the body weight, BP, and triglycerides. During a short-term administration, high-dose canagliflozin acted better than low dose, while both doses showed almost the same effect during a long-term administration. Considering the load on metabolism and possible safety issues, we suggest low-dose, long-term, oral administration of canagliflozin monotherapy once daily or add-on treatment.

4.1. Strengths and limitations of the review
--------------------------------------------

The present meta-analysis was based on several randomized, double-blind, placebo-controlled or active-controlled, parallel-group studies. All patients included in this review had T2DM, and the number of overall participants was large enough. Our results were consistent with a previous meta-analysis, which did not control the treatment time,^\[[@R17]\]^ and an integrated analysis of data pooled from 4 placebo-controlled, phase III studies.^\[[@R19]\]^ Compared to these studies, the advantage of our study is that the drug administration time and dosage were strictly predetermined in the inclusion criteria and more evidences can be obtained. In addition, we performed quality assessment through the Cochrane risk of bias tool to guarantee the quality of the included articles. We also performed several sensitivity analyses, meta regression, and Bayesian meta-analysis to make the pooled results more credible. Therefore, our evidences were strong enough. Notably, in this meta-analysis, only phase III studies were included, which allowed the analyses of clinical outcomes rather than biological outcomes.

It is well known that meta-analysis has certain unavoidable limitations. Although we had limited this review to well designed RCTs and performed quality assessment to reduce the possible selective bias, the present meta-analysis still had several potential limitations.

First, the present meta-analysis compared canagliflozin with placebo rather than other active antidiabetic drugs. The active-controlled trials were so few to conduct a meta-analysis. Second, a major limitation of clinical trials was that most of the trials were funded by the industry. Industry funding has been found to be strongly associated with favorable outcomes.^\[[@R37]\]^ It may create bias, which can threaten the facticity of the results. Third, there was unavoidable heterogeneity between the studies. Notably, the heterogeneity did not exceedingly limit our results, judging by the results of sensitivity analyses and meta regression. Furthermore, few articles reported the incidence of specific serious AEs, especially cardiovascular events and mortality, which are very important when evaluating a new drug. Although we collected data from public registers of clinical trials, we were still restricted by the presentation and quality of results on the web pages. Moreover, limiting the search to publications in English language might be a little restrictive, but it would not change our conclusion.

5. Conclusion
=============

In summary, canagliflozin was found to reduce HbA1c, fasting and postmeal glucose, body weight, BP, and triglycerides. These reductions were sustained over 52 weeks but had no apparent differences between the 100 and 300 mg doses. Canagliflozin was generally well tolerated in patients with T2DM. Physicians need to pay more attention to genital mycotic infections and osmotic diuresis-related AEs during the drug administration process. These findings can provide further support for the clinical utility of canagliflozin in patients with T2DM. On the basis of our results, we suggest low-dose, long-term, oral administration, once daily.
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======================
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Abbreviations: 2h-PPG = 2-hour postprandial glucose, CIs = confidence intervals, DBP = diastolic blood pressure, FPG = fasting plasma glucose, RRs = relative risks, SBP = systolic blood pressure, T2DM = type 2 diabetes mellitus, WMDs = weighted mean differences.
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